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A B S T R A C T
Cochlear implants have a significant positive effect on spoken language development in
severely hearing impaired children. Previous work in this population has focused mostly
on the emergence of early-developing language skills, such as vocabulary. The current
study aims at comparing narratives, which aremore complex and later-developing spoken
language skills, of a contemporary group of profoundly deaf school-aged children using
cochlear implants (n = 66, median age = 8 years 3 months) with matched normal hearing
peers. Results show that children with cochlear implants demonstrate good results on
quantity and coherence of the utterances, but problematic outcomes on quality, content
and efficiency of retold stories. However, for a subgroup (n = 20, median age = 8 years 1
month) of deaf children without additional disabilities who receive cochlear implantation
before the age of 2 years, use two implants, and are raised with one spoken language, age-
adequate spoken narrative skills at school-age are feasible. This is the first study to set the
goals regarding spoken narrative skills for deaf children using cochlear implants.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
1.1. Congenital severe to profound hearing loss
Profound congenital hearing loss is estimated to affect 1 to 2 of every 1000 newborns (Nikolopoulos & Vlastarakos, 2010).
During the past 2 decades, cochlear implantation has gradually become a standard treatment for profoundly deaf children.
Worldwide, about 80,000 children are treated with cochlear implants (Kral & O’Donoghue, 2010; NIH, 2011). Cochlear
implants (CIs) consist of an externally wornmicrophone and amicroprocessor that extracts intensity, frequency, and timing
cues from acoustic signals. The system transforms these acoustic cues into an electrical code. Internally, a surgically placed
receiver transmits the code to an implanted electrode array that stimulates surviving auditory neurons.
The purpose of a cochlear implant is to access, stimulate, and grow auditory neural connections throughout the brain as
the foundation for spoken language, reading, and academics (Gordon, Papsin, & Harrison, 2004). Many children achieve
open-set speech recognition within the first year of implantation (Yoon, 2011). Without doubt, auditory experience enabled
by pediatric cochlear implantation has a significant positive effect on spoken language development (Peterson, Pisoni, &* Corresponding author at: ExpORL, Department Neurosciences, Herestraat 49 bus 721, B-3000 Leuven, Belgium. Tel.: +32 16330495; fax: +32 16330486.
E-mail address: Tinne.Boons@med.kuleuven.be (T. Boons).
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rate of learning relative to the pre-CI period (Ganek, McConkey Robbins, & Niparko, 2012). In congenitally deaf infants,
babbling starts after a short interval of 1–4 months after activation of the cochlear implant. Consequently, if implantation
takes place very early, babbling occurs at a chronologic age comparable to that of normal hearing infants (Schauwers, Gillis, &
Govaerts, 2004).With regard to vocabulary development, age adequate vocabulary scores are feasible for children implanted
before the age of 2 years 6months (McDonald Connor, Craig, Raudenbush, Heavner, & Zwolan, 2006). The improved auditory
input from the cochlear implant facilitates children’s ability to perceive and comprehend morphological structures such as
bound morphemes (Spencer, Tye-Murray, & Tomblin, 1998). However, in comparison with normal hearing children,
morphological deviations in spoken language are still evident in pediatric CI users (Le Normand, Ouellet, & Cohen, 2003). At
the sentence level, significant differences are reported in the ability of pediatric cochlear implant users to correctly utilize
grammatical structures such as conjunctions and correct verb forms (Spencer, Barker, & Tomblin, 2003). In a recent study,
spoken language performance of 132 pediatric CI users was evaluated after 10 years of cochlear implant use. The benefits
appeared to keep stable over the years. No deterioration was identified within a period of 10 or more years of follow-up
(Peixoto et al., 2013). A sample of 112 teenagers who used a CI for more than 10 years provided an optimistic outlook on the
language benefits of early cochlear implantation. Seventy-one percent of the teenagers obtained verbal IQ-scores within or
above one standard deviation of normal hearing age-mates (Geers & Sedey, 2011).
1.2. Predictive factors
The large variability in language outcomes in children using cochlear implants remains a significant concern. Some
children achieve adequate spoken language levels and others lag behind (Niparko et al., 2010; Peterson et al., 2010). Different
studies have investigated the relationship between language outcomes and possible predictors. Age at diagnosis of hearing
loss (Korver et al., 2010) and age at cochlear implantation have an effect on language outcomes. Several authors
demonstrated that cochlear implantation before the second birthday of congenitally deaf children can lead to good spoken
language development (Boons, Brokx, Dhooge, et al., 2012; Hayes, Geers, Treiman, & Moog, 2009; McDonald Connor et al.,
2006; Svirsky, Teoh, & Neuburger, 2004; Tait, Nikolopoulos, & Lutman, 2007). Furthermore, better language outcomes are
related to longer duration of CI use (Nicholas & Geers, 2007) and bilateral implantation (Boons, Brokx, Frijns, et al., 2012; Tait
et al., 2010; Wie, 2010). Children with CIs raised in monolingual families, where parents speak one spoken language to the
child, demonstrate higher language scores (Boons, Brokx, Dhooge, et al., 2012). As in normal hearing children, the presence of
additional disabilities, specifically learning disorders, can disturb language development (Boons, Brokx, Dhooge, et al., 2012;
Ge´rard et al., 2010).
These findings influence the policy of pediatric cochlear implantation in many countries and led to an increase in early
and bilateral implantation (Peters, Wyss, & Manrique, 2010). Stimulated by the positive effects of early implantation and
facilitated by universal newborn hearing screening, the average age at cochlear implantation in severely hearing impaired
children has dropped rapidly over the last decade (Boons et al., 2013; Philips et al., 2009). Additionally, the growing scientific
evidence regarding the benefits of bilateral implantation has led to a consensus statement in favor of early bilateral cochlear
implantation (Ramsden et al., 2012). It is expected that spoken language development will benefit from these measures.
However, due to the large variability in spoken language outcomes (Ganek et al., 2012) and these relative new developments
of early and bilateral implantation, it is unclear at which spoken language level these children will be able to perform.
1.3. Narrative skills
Studies of language development in this population have focused mainly on the emergence of early language skills. Little
is known about the effect of cochlear implantation onmore complex, decontextualized aspects of language, such as narrative
production, which begins to emerge in the preschool years and continues to develop as children progress through school.
Narratives are a comprehensive measure of spoken language. They not only provide information on discourse but also on
component skills such as semantics, syntax, workingmemory and general knowledge base (Wellman et al., 2011). In order to
form a cohesive, well-formulated, meaningful story, children should integrate all language components (Seiger-Gardner,
2009). Moreover, narrative production is important in everyday interaction. Narratives are closer to spontaneous language
than elicited language in standard language tests (Merritt & Liles, 1989) and (semi-)spontaneous language samples provide a
more representative picture of actual linguistic abilities than formal testing (Duchesne, Sutton, & Bergeron, 2009).
Furthermore, narrative skills are strong predictors of written language (Wellman et al., 2011), reading comprehension
(Crosson & Geers, 2001), academically related language skills (Wellman et al., 2011) and participation in mainstream
education (Gillam, Pena, & Miller, 1999). Overall, narratives provide an ecologically valid way to examine the effect of
cochlear implantation in the context of a complex language task.
1.4. Present study
In hearing impaired children with andwithout CIs, narrative skills are related to early diagnosis (Worsfold, Mahon, Yuen,
& Kennedy, 2010), better speech intelligibility (Huttunen, 2008) and better speech perception (Crosson & Geers, 2001).
However, in-depth analyses of narrative abilities in children with cochlear implants are lacking (Da Silva, Comerlatto Junior,
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narratives of a contemporary group of profoundly deaf school-aged children using CIs withmatched normal hearing peers in
order to provide insight into the relation between spoken narrative skills and auditory impairment. Secondly, the study aims
at assessing spoken narrative skills of a high potential subgroup consisting of children without additional disabilities who
received a CI at an early age, use bilateral CIs, and are raised with one spoken language, in order to set the goals for future
populations who meet these criteria.
2. Methods
2.1. Participants
Two cochlear implant centers and one school for the deaf and hard of hearing participated in this cross-sectional
prospective multicentre study.
Participantswere recruited on the basis of four inclusion criteria: (1) prelingual deafness (congenital or occurrence before
the age of 1 year), (2) cochlear implantation before age 5, (3) school-age (chronological age 5–13 years) and (4) normal
intellectual abilities. Children with signs of impaired cognitive functioning or nonverbal IQ scores lower than 80 were
excluded. The IQ tests (Wechsler Preschool and Primary Scale of Intelligence, Wechsler Intelligence Scale for Children) were
administered by competent psychologists in the CI centers. Sixty-six children met these criteria. This group appears to be a
representative sample of the current population of profoundly deaf children in Flanders and the Netherlands.
The median age at first cochlear implantation was 1 year 8 months (inter quartile range [IQR] = 1 year 7 months). The
majority of the children (80%) participated in the general newborn hearing screening program, established in Flanders since
1999and in theNetherlands since 2006. Forty-one percent of the childrenused twoCIs, 27%used aCI and ahearing aid and32%
of the children solely used a CI. Children with bilateral CIs had minimally 3 years 1 month and maximally 7 years 2 months
experiencewith the twoCIs. In the literature, 30–40%of deaf children are reported to have additional disabilities (Filipo, Bosco,
Mancini, & Ballantyne, 2004; Fortnum, Marshall, & Summerfield, 2002). In the current study, 26% of the children had an
additional disability. This number is comparable with other studies given that children with an intellectual disability (non-
verbal IQ< 80) were excluded. Additional disabilities were categorized as motor disorders, behavior disorders (e.g. autism
spectrum disorder), learning disorders (e.g. dyslexia) or a combination of these (labeled as multiple disorders; Table 1).
Sixty-four percent of the children attended regular schools and 36% attended special schools. Seventy-three percent of the
parents only used oral communication with their child in the course of this study and 24% used oral communication
supported with signs. Parents choosing for the total communication mode mainly communicated orally with their children
and supported key-words of their spoken language with signs to a certain extent. Most of the time, this technique was used
in situationswhere the CI could not beworn (e.g. swimming pool) or situationswhere speech understanding with the CI was
suboptimal (e.g. communication over a longer distance in noisy circumstances). Parentswhowere severely hearing impaired
themselves (2 participants) used sign language to communicate with their child.
Each child with a CI was matched with a typically developing, normal hearing control child based on three criteria. The
control child had (1) the same gender, (2) the same chronological age (maximum deviation of 3 months) and (3) lived in the
same area (Flanders or the Netherlands). Normal hearingwas confirmed by audiological assessment in which air conduction
thresholds (at 0.5, 1, 2, and 4 kHz)were not higher than 20 dBHL. Since the aim of the studywas to evaluate inwhichway the
spoken narratives of children using cochlear implants deviate from what we can expect from typically developing children,
no children with additional disabilities were included in the control group.
In preceding studies (Boons, Brokx, Dhooge, et al., 2012; Boons, Brokx, Frijns, et al., 2012), four criteriawere determined as
the most important predictors of good language outcomes: (1) implantation of the first CI before the age of 2 years, (2)
bilateral CIs, (3) no additional disabilities and (4) one spoken language. By applying these four criteria, a ‘high potential’
subgroup (n = 20)was selected from the total group of participantswith CIs. These children had amedian of 4 years 4months
experience with the two CIs (IQR = 1 year 10 months). Three children received the two CIs simultaneously. The median time
span between the first and second CI in sequentially bilaterally implanted children was 2 years (IQR = 2 years 1 month). This
group reflects future populations in which early cochlear implantation (Korver et al., 2010; Philips et al., 2009) and bilateral
CIs (Peters et al., 2010; Ramsden et al., 2012) are common practice. Currently, 93% of congenitally deaf children in Belgium
have a cochlear implant, and 67% of the children younger than 6 years of age are using bilateral cochlear implants (De Raeve,
Baerts, Colleye, & Croux, 2012). The high potential subgroup provides a glance ofwhat should be feasible for severely hearing
impaired children without additional disabilities growing up in a family that uses one spoken language. Table 1 lists the
demographic information of participants with cochlear implants.
This study was approved by the KU Leuven Medical Ethical Committee (ML5288) and was conducted in accordance with
the Declaration of Helsinki (1975). Parents of all participants gave informed consent for their children to participate in this
study.
2.2. Test materials
Narrative ability was evaluated bymeans of the Bus Story subtest of the Renfrew Language Scales (Renfrew, 1998). In this
standardized narrative task, children were asked to retell the bus story (Appendix A) with picture support. The test was
Table 1
Demographics of participants with CIs.
Total group (n = 66) High potential subgroup (n = 20)
Child related factors
Gender Boy: n = 28 [42%] Boy: n = 11 [55%]
Girl: n = 38 [58%] Girl: n = 9 [45%]
Additional disabilities* No: n = 49 [74%] No: n = 20 [100%]
Behavior: n = 6 [9%] Behavior: n = 0 [0%]
Motor: n = 4 [6%] Motor: n = 0 [0%]
Learning: n = 2 [3%] Learning: n = 0 [0%]
Multiple: n = 5 [8%] Multiple: n = 0 [0%]
Chronological age at testing Median: 8 yr 3 mo Min: 5 yr 3 mo Median: 8 yr 1 mo Min: 5 yr 3 mo
IQR: 3 yr 9 mo Max: 13 yr 3 mo IQR: 2 yr 2 mo Max: 11 yr 6 mo
Etiology Unknown: n = 20 [30%] Unknown: n = 4 [20%]
Genetic-conn: n = 6 [9%] Genetic-conn: n = 5 [25%]
Genetic: n = 11 [17%] Genetic: n = 5 [25%]
Infection: n = 18 [27%] Infection: n = 6 [30%]
Malformation: n = 8 [12%] Malformation: n = 0 [0%]
Prematurity: n = 3 [5%] Prematurity: n = 0 [0%]
Auditory factors
Age at first fitting* Median: 1 yr 8 mo Min: 6 mo Median: 1 yr 5 mo Min: 7 mo
IQR: 1 yr 7 mo Max: 5 yr 0 mo IQR: 0 yr 7 mo Max: 1 yr 9 mo
Duration of CI use Median: 6 yr 3 mo Min: 1 yr 11 mo Median: 6 yr 10 mo Min: 4 yr 0 mo
IQR: 3 yr 7 mo Max: 10 yr 7 mo IQR: 1 yr 10 mo Max: 10 yr 0 mo
Contralateral stimulation* CI-/: n = 21 [32%] CI-/: n = 0 [0%]
CI-HA: n = 18 [27%] CI-HA: n = 0 [0%]
CI-CI: n = 27 [41%] CI-CI: n = 20 [100%]
Environmental factors
Communication mode Oral: n = 48 [73%] Oral: n = 16 [80%]
Total: n = 16 [24%] Total: n = 4 [20%]
Bilingual: n = 2 [3%] Bilingual: n = 0 [0%]
Oral multilingualism* No: n = 57 [86%] No: n = 20 [100%]
Yes: n = 9 [14%] Yes: n = 0 [0%]
School type Mainstream: n = 42 [64%] Mainstream: n = 17 [85%]
Special: n = 24 [36%] Special: n = 3 [15%]
Parental involvement Median: 3.67 Min: 1.83 Median: 4.00 Min: 3.14
IQR: 1.22 Max: 5.00 IQR: 0.42 Max: 5.00
Socio-economic status Unknown: n = 20 [30%] Unknown: n = 5 [25%]
High school: n = 22 [33%] High school: n = 2 [10%]
College/Uni: n = 24 [37%] College/Uni: n = 13 [65%]
Note. CI, cochlear implant; College/Uni, college or university degree; Genetic, genetic etiology without connexin mutation; Genetic-conn, genetic etiology
with connexin mutation; HA, hearing aid; IQR, inter quartile range; Malformation, congenital malformation of the cochleae; Prematurity, premature birth;
*, selection criterion for high potential subgroup.
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spoken story. Therefore, the initial story, told by the researcher, and the instructions were presented in spoken Dutch. In the
scoring, signs used by the child were not included. None of the children used sign language to retell the story. It rarely
occurred that children used signs simultaneously to support keywords of their spoken story.When this did occur, signswere
copies of the spoken words and did not provide additional information to the story. Video recordings were made to allow
precise and detailed scoring.
At the macro-level, global organization of content is measured (Liles, Duffy, Merritt, & Purcell, 1995). Global organization
of content refers to the child’s ability to construct a hierarchical representation of the main story elements. Through this
global organization causal links between events in the story are made explicit (Norbury & Bishop, 2003). Researchers have
been studying the features of stories that are subsumed under the macro-level for decades (Poulsen, Kintsch, Kintsch, &
Premack, 1979). Currently, there is a consensus that the majority of narratives contain six main elements, including: (1)
setting information, which provides details of the who, when, and where of the narrative, (2) initiating event or change in
circumstance, which signals a problem that must be solved, (3) episodic elements or goals, which arise as a reaction to the
initiating event, (4) internal response, which are the thoughts, wishes or emotions about the initiating events, (5) attempts to
achieve that goal and (6) outcome of the episodic elements (Trabasso & Stein, 1994). In the present study, the stories are
scored on three aspects (Table 2). (1) The plot structure includes the complete and incomplete reproduction of setting,
initiating, episodic, response, solution and morality story elements. (2) The ability to distinguish between prominent story
elements and details is measured by the number of complete and incomplete reproductions of essential and subsidiary
elements, and the difference between number of essential and subsidiary elements. (3) Story retelling efficiency is evaluated
through the number of reproduced signal elements (part of the Bus Story), the number of noise elements (extraneous
utterances), and the difference between number of signal and noise elements.
Table 2
Description of the macro-level analyses.
Analyses Description
Plot structure
Complete setting elements The number of complete setting elements in the retold bus story.
e.g. Once upon a time, there was a very naughty bus.
Incomplete setting elements The number of incomplete setting elements in the retold bus story.
e.g. Once upon a time, there was a bus.
Complete initiating elements The number of complete initiating elements in the retold bus story.
e.g. The bus decided to run away.
Incomplete initiating elements The number of incomplete setting elements in the retold bus story.
e.g. The bus was gone.
Complete episodic elements The number of complete episodic elements in the retold bus story.
e.g. At first, the bus drove next to a train.
Incomplete episodic elements The number of incomplete episodic elements in the retold bus story.
e.g. The bus saw a train.
Complete response elements The number of complete response elements in the retold bus story.
e.g. He said, ‘‘I‘m tired of going on the road.’’
Incomplete response elements The number of incomplete response elements in the retold bus story.
e.g. He said, ‘‘I don’t like the road.’’
Complete solution elements The number of complete solution elements in the retold bus story.
e.g. He telephoned for a tow truck to pull the bus out of the mud.
Incomplete solution elements The number of incomplete solution elements in the retold bus story.
e.g. He telephoned for help.
Complete morality elements The number of complete morality elements in the retold bus story.
e.g. The bus promised to never run away again.
Incomplete morality elements The number of incomplete morality elements in the retold bus story.
e.g. The bus promised to be good.
Essential and subsidiary elements
Complete essential elements The number of complete essential elements in the retold bus story.
e.g. The bus ran on into the country.
Incomplete essential elements The number of incomplete essential elements in the retold bus story.
e.g. The bus ran further.
Total essential elements Sum of complete and incomplete essential elements.
Complete subsidiary elements The number of complete subsidiary elements in the retold bus story.
e.g. The cow said, ‘‘Moo, I can’t believe my eyes.’’
Incomplete subsidiary elements The number of complete subsidiary elements in the retold bus story.
e.g. The cow said, ‘‘Moo, this is strange.’’
Total subsidiary elements Sum of complete and incomplete essential elements.
Difference essential – subsidiary elements Total number of essential elements minus the total number of subsidiary elements.
Narrative efficiency
Signal elements The total number of complete and incomplete essential and subsidiary elements
in the retold bus story.
e.g. Once upon a time, there was a bus.
Noise elements The number of elements that are not part of the original bus story and are made
up by the child.
e.g. The plane was very happy.
Difference signal – noise elements Total number of signal elements minus the total number of noise elements.
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investigated by means of narrative productivity, coherence and error types (Table 3). Narrative productivity includes the
mean length of utterances (MLU), number of subordinate clauses, total number of utterances and percentage of incorrect
utterances. Coherence refers to how characters and story lines are established and sustained, and ismeasured by the number
of protagonists (introductions of new entities), the number of referent introductions (referring to protagonists by means of
pronouns) and the percentage of incorrect referent introductions. The error analysis classifies the error types in incorrect
utterances as semantic, syntactic, morphological or other errors.
Five raters were intensively trained to transcribe and score based on clearly specified coding rules. Inter-rater reliability
was good (rs> .70) for every variable and even excellent (rs> .90) for 23 out of 33 variables. No information is available on
internal consistency of the original Bus Story or the Dutch adaptation. However, Merritt and Liles (1989) did show a strong
degree of internal consistency between story generation and story retelling (Cronbach’s a = .78).
Besides narrative abilities, memory skills and environmental characteristics of the children with CIs were included to
investigate potential confounders. Verbal memory span was evaluated by means of the number repetition subtest of the
Dutch version of the Clinical Evaluation of Language Fundamentals (CELF-4-NL; Kort, Schittekatte, & Compaan, 2010). This
subtest has a good internal consistency (Cronbach’s a = .64) and test–retest reliability (r = .73). Parental involvement in the
rehabilitation process was quantified by asking audiologists or speech-language therapists to complete a questionnaire
(Appendix B) that rates parents on seven indicators of involvement using a 5-point scale (0 = not involved, to 5 = highly
Table 3
Description of the micro-level analyses.
Analyses Description
Narrative productivity
Mean length of utterances The mean length of the utterances in the retold bus story (in words).
e.g. The bus raced against the train. = 6
Subordinate clauses The number of subordinate clauses in the retold bus story.
e.g. The bus promised to never run away again.
Number of utterances The total number of utterances in the retold bus story.
% incorrect utterances The percentage of semantically, morphologically, syntactically or otherwise incorrect utterances.
Coherence
Protagonists The number of new entities that are introduced in the retold bus story.
e.g. Once upon a time, there was a bus.
Referent introductions The number of pronouns referring to protagonists that are introduced in the retold bus story.
e.g. He ran along the road.
% incorrect referent introductions The percentage of incorrect referent introductions in the retold bus story. A referent introduction
is incorrect if it is unclear which protagonist it refers to.
e.g. The bus got stuck in the mud. He (referring to the bus driver) telephoned for help.
Error analysis
% semantic The percentage of semantic errors in incorrect utterances in the retold bus story.
e.g. He telephoned for a puller to pull him out.
% syntactical The percentage of syntactical errors in incorrect utterances in the retold bus story.
e.g. The cow said, ‘‘Moo, I believe not my eyes.’’
% morphological The percentage of morphological errors in incorrect utterances in the retold bus story.
e.g. The bus runned further.
% other The percentage of errors that cannot be categorized as semantic, syntactical or morphological errors.
e.g. The bus does its to the farm.
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measuring this construct (Calderon, 2000). No information is available on the psychometric properties of this questionnaire
or the original inventory (Calderon, 2000) onwhich the current questionnaire is based. None of the respondentsmade use of
the last item of the questionnaire (‘‘Something else’’). Four respondents made use of the option ‘‘I don’t know’’ in one of the
questions. This did not affect the end results, since the average score of the remaining five questions was used as end result.
None of the respondents crossed ‘‘I don’t know’’ as an answer to more than one question and none of the respondents made
use of the option ‘‘Not applicable’’. The socio-economic status of children consists of three factors: family income, parental
education and parental occupation. Maternal education level is significantly related to children’s speech and language
development (Dollaghan, Campbell, Paradise, & Feldman, 1999). Maternal education appears to be the component of socio-
economic status most strongly related to parenting measures. Moreover, properties of maternal speech, that differ as a
function of maternal education level, result in different rates of productive vocabulary development in children (Hoff, 2003).
Since language development was the outcome measure of this study, socio-economic status was quantified by means of
maternal education level, which was categorized as High School or College/University degree. Mothers of 46 children with
CIs (70%) provided information on their education level.
2.3. Statistical analyses
Since the data were not normally distributed (Shapiro–Wilk, p< .05), non-parametric Wilcoxon Signed Rank tests were
used to compare the CI group with the matched control group. Mann–Whitney U-tests were used to compare the high
potential subgroup with the rest of the participants. Significance criteria were set at p< .05 and Bonferroni corrections for
multiple comparisons were applied to all statistical tests. Analyses were performed using SPSS 19.0. Post hoc power analyses
(G*Power 3.1 software) revealed sufficient power for the total group (n = 132, effect size = 0.5, Power = 0.99) as well as for the
high potential subgroup (n = 40, effect size = 0.5, Power = 0.85).
3. Results
3.1. Total group (n = 66)
3.1.1. Macro-level
Plot structure. In comparison to the matched normal hearing group, children with CIs produced less complete setting
(p = .003), initiating (p = .017), episodic (p< .001) and solution elements (p = .020). With respect to incomplete elements no
statistical differences were observed (Table 4). If children with CIs had trouble reproducing plot elements, they did not
compensate by retelling elements incompletely.
Essential and subsidiary elements. Children with CIs produced less complete essential (p< .001) and complete subsidiary
story elements (p = .001). However, similar to the plot analysis, no significant differences were observed for the incomplete
Table 4
Results of the total group of children with CIs (n = 66) and normal hearing controls on macro-level narrative skills.
CI Control Wilcoxon T p (Bonf. adj) Effect size r
Median IQR Median IQR
Plot structure
Complete setting elements 0.00 1.00 2.00 1.25 997 .003* .34
Incomplete setting elements 0.00 1.00 0.00 1.00 158 >.999 .12
Complete initiating elements 1.00 2.00 2.00 2.00 887 .017* .30
Incomplete initiating elements 1.00 1.00 0.00 1.00 216 >.999 .15
Complete episodic elements 1.00 3.00 4.00 3.00 1535 <.001* .40
Incomplete episodic elements 3.00 3.00 4.50 3.25 1048 >.999 .18
Complete response elements 0.00 1.00 1.00 1.00 406 >.999 .18
Incomplete response elements 0.00 1.00 0.00 1.00 268 >.999 .07
Complete solution elements 0.00 1.00 1.00 2.00 784 .020* .30
Incomplete solution elements 0.00 1.00 0.00 1.00 209 >.999 .07
Complete morality elements 0.00 0.00 0.00 1.00 96 .705 .20
Incomplete morality elements 0.00 0.25 0.00 1.00 330 >.999 .12
Essential and subsidiary elements
Complete essential elements 3.00 7.25 9.00 5.25 1903 <.001* .44
Incomplete essential elements 5.00 5.00 6.00 5.75 1027 >.999 .11
Total essential elements 10.40 10.25 16.00 5.25 1754 <.001* .44
Complete subsidiary elements 3.00 3.00 5.00 3.00 1484 .001* .37
Incomplete subsidiary elements 2.00 2.00 2.00 1.25 490 >.999 .13
Total subsidiary elements 5.00 4.00 7.00 2.00 1470 .005* .33
Difference essential – subsidiary elements 6.00 8.00 9.50 3.00 1650 <.001* .38
Narrative efficiency
Signal elements 14.00 12.50 22.50 7.00 308 <.001* .44
Noise elements 8.00 8.00 4.00 3.25 271 <.001* .45
Difference signal – noise elements 6.50 18.50 19.00 8.25 1876 <.001* .49
Note: IQR, inter quartile range; Bonf. adj, Bonferroni adjustment.
* p< .050.
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also significantly lower for the CI group. Finally, the difference between number of essential and subsidiary elements was
significantly smaller for children with CIs than for normal hearing controls (p< .001; Table 4). These findings indicate
problematic reproduction of the core theme of the bus story.
Efficiency. The combination of less signal elements (p< .001) andmore noise elements (p< .001) produced by the CI group
in comparison with the control group leads to inefficient story retelling. Consequently, the difference between number of
signal and noise elements was smaller in children with CIs than in normal hearing controls (p< .001; Table 4). None of the
normal hearing children produced less signal than noise elements (negative difference), compared to 18 children with CIs
(27%).
3.1.2. Micro-level
Narrative productivity. Children with CIs produced similar amounts of utterances as the control children. However, the
total mean length of the utterances (MLU; p = .035) and the number of subordinate clauses (p = .036) was significantly lower
in the CI group. Additionally, children with CIs produced significantly higher percentages of incorrect utterances (p< .001)
than normal hearing controls (Table 5). In conclusion, children with CIs produced an equal amount of utterances, but their
utterances were shorter, less complex, and contained more errors.
Coherence. No significant differences were observed with respect to the number of protagonists, the number of referent
introductions and the percentage of incorrect referent introductions (Table 5). The stories generated by children with CIs
were as coherent as the stories generated by normal hearing control children.
Error analysis. Analysis of the narrative productivity demonstrated a higher percentage of incorrect utterances in the CI
group. However, the distribution between error types was similar for the children with CIs and the normal hearing controls
(Table 5).
3.2. High potential subgroup (n = 20)
3.2.1. Macro-level
Plot structure. Comparison of the plot structure of stories told by the high potential CI group and the matched control
group revealed no significant differences (Table 6).
Essential and subsidiary elements. Complete as well as incomplete essential and subsidiary elements were equally present
in stories of the high potential CI group and the control group. Differences between number of essential and subsidiary
elements of children with CIs were similar compared to normal hearing controls (Table 6).
Table 5
Results of the total group of children with CIs (n = 66) and normal hearing controls on micro-level narrative skills.
CI Control Wilcoxon T p (Bonf. adj) Effect size r
Median IQR Median IQR
Narrative productivity
Mean length of utterances 5.86 1.57 6.47 1.02 1620 .035* .29
Subordinate clauses 1.00 3.00 2.00 1.25 1237 .036* .29
Number of utterances 23.00 8.00 23.00 5.00 981 >.999 .01
% incorrect utterances 36.38 46.98 15.38 15.78 195 <.001* .50
Coherence
Protagonists 5.00 1.00 5.00 0.00 327 .105 .25
Referent introductions 13.50 5.00 14.00 5.50 1145 >.999 .12
% incorrect referent introductions 18.18 19.35 18.47 24.99 987 >.999 .05
Error analysis
% semantic 10.56 20.00 0.00 16.67 315 >.999 .09
% syntactic 50.00 29.61 33.33 47.62 698 >.999 .19
% morphological 33.33 22.50 47.22 45.24 1175 >.999 .17
% other 0.00 10.28 0.00 0.00 202 >.999 .03
Note: IQR, inter quartile range; Bonf. adj, Bonferroni adjustment.
* p< .050.
Table 6
Results of the high potential subgroup of children with CIs (n = 20) and normal hearing controls on macro-level narrative skills.
CI Control Wilcoxon T p (Bonf. adj) Effect size r
Median IQR Median IQR
Plot structure
Complete setting elements 0.00 1.00 1.00 2.00 64 >.999 .21
Incomplete setting elements 1.00 1.00 0.00 1.00 17 >.999 .17
Complete initiating elements 2.00 1.75 3.00 2.00 87 >.999 .17
Incomplete initiating elements 1.00 1.00 0.00 1.00 21 >.999 .24
Complete episodic elements 2.00 3.00 4.00 3.00 174 .050 .51
Incomplete episodic elements 3.50 5.00 4.00 4.00 78 >.999 .08
Complete response elements 0.00 0.75 0.00 1.00 45 >.999 .08
Incomplete response elements 0.00 1.00 0.00 1.00 41 >.999 .03
Complete solution elements 1.00 2.00 1.00 1.75 45 >.999 .17
Incomplete solution elements 0.00 1.00 0.00 1.00 20 >.999 .19
Complete morality elements 0.00 0.00 0.00 1.00 12 >.999 .21
Incomplete morality elements 0.00 1.00 0.50 1.00 77 >.999 .08
Essential and subsidiary elements
Complete essential elements 5.00 10.50 9.00 4.25 180 .186 .21
Incomplete essential elements 6.50 6.50 6.50 4.00 86 >.999 .06
Total essential elements 13.50 11.00 16.50 3.00 149 >.999 .20
Complete subsidiary elements 4.00 2.75 5.00 2.00 128 >.999 .19
Incomplete subsidiary elements 2.00 2.00 2.00 2.00 57 >.999 .03
Total subsidiary elements 6.00 3.75 7.00 2.00 145 >.999 .18
Difference essential – subsidiary elements 7.50 7.50 8.50 4.00 149 >.999 .15
Narrative efficiency
Signal elements 17.50 13.00 23.50 4.75 165 .867 .23
Noise elements 6.50 7.50 4.00 3.50 31 .326 .24
Difference signal – noise elements 10.50 17.00 20.00 4.50 175 .313 .24
Note: IQR, inter quartile range; Bonf. adj, Bonferroni adjustment.
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differences were observed in number of signal or noise elements (Table 6).
3.2.2. Micro-level
Narrative productivity. With respect to narrative productivity, no differenceswere determined between the high potential
CI group and the normal hearing controls, except for the percentage of incorrect utterances. Children with CIs demonstrated
a higher percentage of incorrect utterances than the normal hearing controls (p = .024; Table 7).
Coherence. Stories generated by the high potential children with CIs were as coherent as stories generated by the normal
hearing control children. Significant differenceswere observed neither in the number of protagonists, the number of referent
introductions nor the percentage of incorrect referent introductions (Table 7).
Table 7
Results of the high potential subgroup of children with CIs (n = 20) and normal hearing controls on micro-level narrative skills.
CI Control Wilcoxon T p (Bonf. adj) Effect size r
Median IQR Median IQR
Narrative productivity
Mean length of utterances 6.18 1.59 6.46 0.89 120 >.999 .09
Subordinate clauses 2.00 2.75 2.50 1.75 144 >.999 .14
Number of utterances 22.0 7.50 22.50 5.00 113 >.999 .04
% incorrect utterances 32.74 38.93 19.62 16.89 14 .024* .53
Coherence
Protagonists 5.00 1.00 5.00 0.00 51 .441 .19
Referent introductions 12.50 4.50 14.50 5.75 92 >.999 .15
% incorrect referent introductions 20.72 14.84 20.00 23.03 94 >.999 .06
Error analysis
% semantic 11.88 20.00 0.00 12.99 20 >.999 .18
% syntactic 45.45 26.18 38.10 45.83 86 >.999 .11
% morphological 38.75 21.11 50.00 59.43 120 >.999 .16
% other 0.00 12.32 0.00 8.33 22 >.999 .01
Note: IQR, inter quartile range; Bonf. adj, Bonferroni adjustment.
* p< .050.
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utterances, the distribution between error typeswas similar to that of the normal hearing controls. No significant differences
were observed in percentage of semantic, syntactic, morphological or other errors (Table 7).
3.3. Confounding factors
Children in the high potential group did not significantly differ in comparison with the other participants with regard to
gender (x2 [1] = 1.86, p = .173, w =.17), chronological age at testing (U = 374, p = .230, r =.15), etiology of the deafness (x2
[5] = 4.71, p = .452, w = .27), duration of CI-use (U = 515, p = .443, r = .09) or communication mode used by the parents (x2
[2] = 0.60, p = .741, w = .10). Additionally, their working memory scores (median = Pc 25, IQR = Pc 44) were not significantly
different (U = 383, p = .942, r = .09) from children who were not in the high potential subgroup (median = Pc 31, IQR = Pc 44).
However, a higher percentage of children in the high potential subgroupwas attendingmainstream education in comparison
with the rest of the participants (x2 [1] = 5.66, p = .017, w = .29). Additionally, the percentage of children with a high socio-
economic status, quantified by a College or University degree of the mother, was significantly higher for the high potential
subgroup (87%) than for the other participants (35%; x2 [1] = 10.6, p = .001, w = .48). Moreover, parental involvement in the
rehabilitation process was reported higher for the high potential subgroup (median = 4.00, IQR = 0.42) than for the other
children (median = 3.37, IQR = 1.31; U = 625, p = .007, r = .33).
4. Discussion
This is the first study to set the goals regarding narrative skills for deaf children without additional disabilities who
received their CI before the age of 2 years, used bilateral CIs, and were raised with one spoken language, and one of the few
studies examining narrative skills in hearing impaired school-aged children with cochlear implants.
4.1. Total group – major difficulties
In the total group, major difficulties appeared on the micro- as well as the macro-level. On the macro-level, the total CI
group produced less essential and subsidiary elements and more noise elements. Although cochlear implantation has a
positive effect on narrative development (Nikolopoulos, Lloyd, Starczewski, & Gallaway, 2003), children with CIs still
demonstrate a severe delay compared to their chronological age. In the current study, childrenwith CIs produced less setting,
initiating, episodic and solution elements than the control group. This contrasts with the higher amount of setting elements
(Griffith & Ripich, 1988) and orientation-related propositions (Soares, Garcia de Goulart, & Chiari, 2010) in severely hearing
impaired children using hearing aids. Several studies have shown that better speech perception abilities are obtained in
severely hearing impaired children with cochlear implants than with hearing aids (Bond et al., 2009). It is hypothesized that
severely hearing impaired children using hearing aids experienced more difficulties understanding the auditory presented
story and consequently more strongly relied on the visual input of the pictures. Subsequently, this could lead to more
literally naming the setting elements visible on the pictures. The current group of childrenwith CIs probably picked upmore
information of the originally told story. This could have resulted in less detailed descriptions ofwhat is visible on the pictures
and therefore lower amounts of setting elements.
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reported by Worsfold et al. (2010) who evaluated narrative skills of hearing impaired children after early and late
confirmation of hearing impairment. Despite this good quantity, the quality of the utterances was significantly lower in the
CI group. Children with CIs demonstrated lower numbers of subordinate clauses, shorter mean length of utterances and
higher percentages of incorrect utterances.
4.2. High potential subgroup – good prospects
Thechildren in thehighpotential subgroupclearly closed thegapwithnormalhearingpeers.Nosignificant groupdifference
was established on the macro-level. Although the high potential CI group produced more incorrect utterances, their retold
stories did not deviate from the control group on any othermicro-level characteristic. A decade ago, Crosson and Geers (2001)
evaluated narrative skills of 8 and 9 year olds who had at least 4 year of cochlear implant experience and compared them to
normal hearing peers. They revealed that children with CIs were able to construct narratives in their preferred mode of
communication similar in plot structure and use of referents to those of normal hearing age mates, provided that cochlear
implantation tookplacebefore the age of5 yearsand childrenobtainedaboveaverage speechperception scores.However, their
use of subordinate conjunctionswas not aswell developed as normal-hearing children. The current study supplemented three
findings. First of all, age adequate narrative skills in spoken language are feasible. Secondly, the current results showed spoken
narratives that were not only similar in plot structure, but also in essential and subsidiary elements and narrative efficiency to
those of hearing peers. Thirdly, the current study revealed age-adequate narrative productivity (including subordinate clauses),
coherence and error types. These findings were observed in the high potential subgroup which had a similar age as the
participants in the study of Crosson and Geers (2001), but differed in the fact that the high potential subgroup in the current
study consisted of childrenwho used bilateral cochlear implants andwho received their first CI before the age of 2 years. These
findings yield excellent prospects for reading comprehension, academic skills andmainstreameducation,which is reflectedby
the large amount of children in the high potential subgroup that successfully attends regular schools (85%).
Although at group level, few differences were established between the high potential CI group and the normal hearing
controls, individual results of childrenwith CIs in the high potential group still varied a lot. Onmacro- as well as micro-level,
inter quartile ranges of the high potential CI groupwere larger than inter quartile ranges of the normal hearing control group.
This indicates that the characteristics of the high potential CI group enable good prospects regarding the development of
narrative skills of this group, but do not guarantee age adequate outcomes for individual children. The heterogeneity of the
population of severely hearing impaired children, implicates a large amount of factors that influence spoken language
development in children using cochlear implants. Although several studies expanded the insight in predictive factors by
means of regression analyses (Boons, Brokx, Dhooge, et al., 2012; Geers, Moog, Biedenstein, Brenner, & Hayes, 2009; Niparko
et al., 2010; Percy-Smith et al., 2013), the amount of unexplained variance remains high. Therefore, thorough follow-up is
essential to monitor the spoken language development of all children using cochlear implants so that adequate therapeutic
intervention can be provided.
In a recent study, weekly therapy sessions on narrative abilities during a 3-month period, proved to be effective in
childrenwhose hearing loss was identified early in life. CI users showed even greater storytelling improvement than hearing
aid users (Ingber & Eden, 2011). Direct instruction on story elements (e.g. episodic elements) may boost children’s reading
comprehension and written language skills (Wellman et al., 2011). Consequently, it can be hypothesized that when specific
interventions are provided in children that meet the criteria of the high potential subgroup, age-adequate overall narrative
skills are realistic and feasible.
The children in the high potential subgroup did not differ fromother participants on gender, chronological age, etiology of
deafness, duration of CI-use, communication mode used by the parents or memory skills. The resemblance of both groups
indicates that the established advantage in spoken narrative skills is likely to be mainly attributable to the four selection
criteria: (1) early implantation, (2) bilateral cochlear implants, (3) absence of additional disabilities and (4) one spoken
language. However, the majority of children in the high potential subgroup have well educated and highly involved parents,
which distinguishes them from the rest of the participants. These factors can have a positive effect on early language learning
(Quittner et al., 2013). Consequently, it is likely that these factors also contributed to the good spoken narrative skills of the
high potential subgroup. Every effort should be made to involve all parents, irrespective of their socio-economic
backgrounds, actively during the rehabilitation. Since parental involvement wasmeasured bymeans of a questionnaire that
was constructed for use in this study, no informationwas available on sensitivity and specificity of this measure. A thorough
evaluation of parental involvement based on a validated questionnaire and standardized observations of parent–child
interactions (Cruz, Quittner, Marker, & Desjardin, 2013) could increase the insight into the effect of this variable on spoken
narrative skills. Finally, the children in the high potential subgroup more frequently attended mainstream education than
the rest of the participants. However, school type is often chosen on the basis of language outcomes and therefore is more
likely to be a consequence than a cause of good narrative skills.
5. Conclusion
Comparison of narrative skills of a contemporary group of profoundly deaf school-aged children using CIs with amatched
group of normal hearing peers demonstrated good results on quantity and coherence of the utterances, but problematic
T. Boons et al. / Research in Developmental Disabilities 34 (2013) 3833–3846 3843outcomes on quality, content and efficiency of the retold stories. However, a subgroup of children without additional
disabilities who received their CI before the age of 2 years, used bilateral CIs, and were raised with one spoken language did
not differ frommatched peers except for the percentage of incorrect utterances. This good outcome, especially on themacro-
level, implies excellent prospects on reading and writing development and educational outcome.
Acknowledgements
The authors wish to thank Sarah De Broe, Kim Goossens, Karen Op de Beeck and Hanne Schoofs for their contribution to
the data collection. Moreover, the authors wish to acknowledge all the children, their parents, CI-teams, schools, and
teachers for their commitment to the study.Appendix A. Dutch adaptation of the Bus StoryEr was eens een heel ondeugende bus.
- Once upon a time there was a very naughty bus. -
Op een dag wilde de buschauffeur met zijn bus gaan rijden.
- One day, the bus driver wanted to drive his bus. -
Maar die was kapot.
- But it was broke. -
Dus moest de buschauffeur zijn bus eerst repareren.
- So the bus driver had to fix the bus. -
En terwijl de buschauffeur daarmee bezig was, besloot die bus er vandoor te gaan!
- While the driver was doing so, the bus decided to run away. -
Hij schoot over de weg.
- He ran along the road. -
Eerst reed de bus naast een trein.
- At first, the bus drove next to a train. -
Ze trokken gekke bekken naar elkaar en deden wie het hardste kon rijden.
- They made funny faces at each other and raced each other. -
Toen moest de bus alleen verder, omdat de trein in een tunnel tufte.
- But the bus had to go on alone, because the train went into a tunnel. -
De bus reed snel de stad in, waar hij een politieagent tegenkwam, die op zijn fluitje blies en
schreeuwde: Stop bus!
- He hurried into the city where he met a policeman who blew his whistle and shouted, ‘‘Stop bus.’’ -
Maar de ondeugende bus trok zich daar niets van aan.
- But the naughty bus paid no attention. -
Hij scheurde de stad uit, het veld in.
- He ran out of the city, on into the country. -
Hij zei: Ik heb er genoeg van om op de weg te rijden.
- He said, ‘‘I‘m tired of going on the road.’’ -
Dus sprong hij over een hek.
- So he jumped over a fence. -
Hij kwam in een weiland, waar een koe stond.
- He entered a meadow, with a cow in it. -
Boe loeide de koe: Ik kan mijn ogen niet geloven!
- ‘‘Moo’’, said the cow, ‘‘I can’t believe my eyes.’’ -
De bus racete gewoon verder, naar beneden, de heuvel af.
- The bus just continued to race down a hill. -
Opeens zag hij onder aan de heuvel een meertje.
- Suddenly, he saw a little lake at the bottom of the hill. -
En hij probeerde meteen te stoppen.
- And he immediately tried to stop. -
Maar Oh! hij wist niet hoe zijn remmen werkten.
- But Oh! he didn’t know how to put on his brakes. -
Dus viel hij met een Plons! in het water en bleef in de modder steken.
- So he fell in the lake with a splash and got stuck in the mud. -
Eindelijk vond de buschauffeur zijn bus terug.
- At last, the bus driver found his bus again. -
Hij belde een takelwagen om zijn bus uit de modder te trekken.
- He telephoned for a tow truck to pull the bus out of the mud. -
En de takelwagen zette de bus weer op de weg terug.
- And the tow truck put the bus back on the road. -
De buschauffeur was reuzeblij zijn bus weer te zien.
- The bus driver was very happy to see his bus again. -
En de bus beloofde dat hij er nooit meer alleen vandoor zou gaan.
- And the bus promised to never run away again. -
T. Boons et al. / Research in Developmental Disabilities 34 (2013) 3833–38463844Appendix B. Questionnaire on parental involvementWith this questionnaire, you can report on the involvement of the parents of _______________________
These are the response options: 0 = not at all 
2 = a little 
3 = average 
4 = more/better than average 
5 = exceptionally well 
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0 2 3 4 5
- The parent knows what the child is capable of. 
(E.g. Knows in which situation the child experiences difficulties 
understanding speech) 
Clarification: 
- The parent understands how the CI works and can handle the device 
correctly. 
(E.g. Checks whether the batteries are charged) 
Clarification: 
- The parent strictly attends appointments. 
(E.g. Is always on time) 
Clarification: 
- The parent contacts us / searches for help in case of doubts about the 
development of the child. 
Clarification: 
- The parent contacts us / searches for help in case of doubts about the 
functioning of the CI. 
Clarification: 
- The parent takes the initiative to additionally stimulate the child’s 
development. 
(E.g. Summer camp for children with CIs) 
Clarification: 
- Something else. 
Clarification:
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